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(54) HIGH STRENGTH GALVANIZED STEEL PLATE EXCELLENT IN ADHESION OF PLATED 
METAL AND FORMABILITY IN PRESS WORKING AND HIGH STRENGTH ALLOY 
GALVANIZED STEEL PLATE AND METHOD FOR PRODUCTION THEREOF 



(57) The invention relates to a high strength hot-dip 
galvanized and galvannealed steel sheets with excel- 
lent drawability for press forming and excellent plating 
adhesion that is useful as a member for automobiles, 
construction; electric devices and the like, and to a proc- 
ess for its manufacture. According to an embodiment of 
the invention, the steel sheet contains in terms of weight 
percent, C: 0.05-0.2%, Si: 0.2-2.0%, Mn: 0.2-2.5%, Al: 
0.01-1 .5%, Ni: 0.2-5.0%, P: <0.03% and S: <0.02%, the 
relationship between Si and Al being such that 0.4(%) 
< Si + 0.8 Al(%) < 2.0% and the remainder consisting of 
Fe and unavoidable impurities, the volume percentage 
of the retained austenite is 2-20% and the steel sheet 
surface wherein the relationship between the Ni and Si, 
Al in 0.5 |xm of the steel sheet surface layer is such that 
Ni(%) > 1/4 Si + 1/3 Al(%), has a Zn plating layer com- 
prising Al: <1% with the remainder Zn and unavoidable 
impurities. 
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Description 

Technical Field 

s [0001] The present invention relates to a high strength steel sheet that is useful as a member for automobiles, con- 
struction, electric devices and the like and to a process for its manufacture, and more particularly it relates to a high 
strength hot-dip galvanized steel sheet with excellent draw ability properties for press forming and excellent plating 
adhesion, to a hot-dip galvannealed plated steel sheet, and to a process for its manufacture. 

10 Background Art 

[0002] A current area of research on members such as cross members and side members of automobiles and the 
like is directed toward achieving lighter weight for the purpose of realizing lower fuel consumption and, in the area of 
materials, progress is being made in achieving higher strength in a manner that guarantees strength while producing 

15 thinner products. However, since the press formability of most materials is inferior with increasing strength, achieving 
such lighter weight members requires the development of steel sheets that exhibit both satisfactory press formability 
and high strength properties. The index values for formability include the elongation as well as the n value and r value 
obtained in tensile testing, and in the current situation, where one of the targets is to simplify the pressing steps through 
greater integration, it is important for the n value to be large, thus corresponding to uniform elongation. 

20 [0003] For this purpose, there have been developed hot rolled steel sheets and cold rolled steel sheets that take 
advantage of the transformation-induced plasticity of the retained austenite in steel. These are steel sheets consisting 
of about 0.07-0.4% C, about 0.3-2.0% Si and about 0.2-2,5% Mn as the basic alloy elements, without any expensive 
alloy elements, and containing retained austenite in the microstructure by heat treatment characterized by accomplish- 
ing bainite transformation at an inner and outer temperature of 300-450°C after annealing in the two-phase region; 

25 such steel sheets are disclosed, for example, in Japanese Unexamined Patent Publication No. 1-230715 and No. 
2-21 7425. Such steel sheets are disclosed not only as cold rolled steel sheets manufactured by continuous annealing, 
but also as hot rolled steel sheets obtained by controlling the cooling and coiling temperature with a runout table, as 
in Japanese Unexamined Patent Publication No, 1 -79345, for example 

[0004] The plating of automobile members is advancing for the purpose of improving corrosion resistance and outer 
so appearance to reflect higher quality in automobiles, and at the current time galvanized or galvannealed steel sheets 
are used for most members other than special internally-mounted members. From the standpoint of corrosion resist- 
ance, therefore, it is effective to coat such steel sheets with Zn or Fe-Zn, however, since high strength steel with a high 
Si content also has an oxidation film on the steel sheet surface, it presents a problem in that minute unplated regions 
result upon hot-dip galvanizing, and in that the plating adhesion of worked regions after alloying is inferior; at the current 
35 time, however, it has not been possible to realize galvannealed steel sheets with excellent plating adhesion at worked 
regions, excellent corrosion resistance and high strength and high ductility. 

[0005] For example, since the steel sheets disclosed in Japanese Unexamined Patent Publication No. 1-230715 or 
No. 2-217425 contain 0.3-2.0% added Si and take advantage of its unique bainite transformation to guarantee retained 
austenite, unless rather strict control is kept on the cooling after annealing in the two-phase temperature range, and 

40 the holding at an internal temperature of 300-450°C, it is impossible to obtain the intended microstructure and the 
resulting strength and elongation are outside of the target ranges, while such a thermal history can be realized indus- 
trially with continuous annealing equipment and during the cooling step with the runout table after hot rolling, the 
austenite transformation is completed rapidly at 450-600°C and therefore control is required for a particularly short 
holding time at 450-600°C. Even at 350-450°C, the microstructure varies considerably depending on the holding time, 

45 and any shift from the desired conditions results in only an low level of strength and elongation. For hot-dip galvanizing 
the holding time at 450-600°C is usually long, and therefore this technique cannot be applied. Furthermore, there is a 
problem in that the inclusion of Si as the alloy element results in poorer plating, and this impedes passage through the 
hot-dip galvanizing equipment to make a plated steel sheet. 

[0006] In order to solve these problems, there have been disclosed steel sheets with improved plating properties 
so through restriction of the Si concentration, for example, in Japanese Unexamined Patent Publication No. 5-247586 
and Japanese Unexamined Patent Publication No. 6-145788. According to such processes, Al is added instead of Si 
to produce retained austenite. However, since Al like Si is also more easily oxidized than Fe, the Al and Si tend to 
concentrate on the steel sheet surface as an oxidized film, making it impossible to achieve adequate plating adhesion. 
Another process disclosed in Japanese Unexamined Patent Publication No. 5-70886 adds Ni to improve the plating 
55 wettability. For this process, however, it is not disclosed what relationship between the Si or Al and Ni is necessary to 
inhibit the plating wettability. 

[0007] Furthermore, Japanese Unexamined Patent Publication No. 4-333552 and No. 4-346644 disclose processes 
whereby rapid low temperature heating is conducted after Ni preplating for alloying treatment after hot-dip Zn plating, 
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as processes for hot-dip galvannealing of high Si high strength steel sheets. However, since these processes require 
Ni pre-plating, the problem of requiring new equipment arises. These processes also do not allow retention of retained 
austenite in the final microstructure, nor is any such mention made for this process. 

[0008] The present invention solves the aforementioned problems and represents the discovery of the features of 
s the composition and microstructure of a high strength steel sheet with improved surface corrosion resistance and 
excellent plating adhesion allowing its manufacture with hot-dip galvanizing equipment, as well as satisfactory press 
formability. 

Disclosure of the Invention 

[0009] It is an object of the present invention to provide a high strength hot-dip galvannealed steel sheet with satis- 
factory press formability and plating adhesion and a process for efficient manufacture of the steel sheet. 
[0010] The present inventors have carried out diligent research on plating properties and steel sheet components in 
orderto provide a high strength hot-dip galvannealed steel sheet and a process for its manufacture, and have completed 
the present invention by concentrating on the steel sheet surface layer, to arrive at the gist of the invention as described 
below. 

(1 ) A high strength hot-dip galvannealed steel sheet with excellent plating adhesion and press formability, the steel 
sheet containing, in terms of weight percent, 

20 

C: 0.05-0.2%, 
Si: 0.2-2.0%, 
Mn: 0.2-2.5%, 
Al: 0.01-1.5%, 
25 Ni: 0.2-5.0%, 

P: <0.03% and 
S: <0.02% 

where the relationship between Si and Al is such that 0.4(%) < Si + 0.8 Al(%) < 2.0% and the remainder consists 
30 of Feand unavoidable impurities, characterized in that the volume percentage of the retained austenite in the steel 

sheet is 2-20%, and the steel sheet surface wherein the relationship between the Ni and Si, Al in 0,5 \m\ of the 
steel sheet surface layer is such that Ni(%) > 1/4 Si + 1/3 Al(%) has aZn plating layer comprising Al: <1% with the 
remainder Zn and unavoidable impurities. 

(2) A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, character- 
35 ized by also containing, in addition to the steel sheet components mentioned in (1) above, in terms of weight 

percent, Cu at less than 2.0%, wherein the volume percentage of the retained austenite in the steel sheet is 2-20%, 
and the relationship between the Ni, Cu and Si, Al in 0.5 |xm of the steel sheet surface layer is such that Ni + Cu 
(%) > 1/4 Si + 1/3 Al(%). 

(3) A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, character- 
ise ized by also containing, in addition to the steel sheet components mentioned in (2) above in terms of weight percent, 

B at 0.0002-0.01%, wherein the relationship of Cu and B is such that B x Cu(%) > 0.00005(%). 

(4) A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, character- 
ized by also containing, in addition to the steel sheet components mentioned in any of (1) to (3) above in terms of 
weight percent, at least one from among Co at <0.3% and Sn at <0.3%, wherein the volume percentage of the 

45 retained austenite in the steel sheet is 2-20% and the relationship between the Ni, Cu, Co, Sn and Si, Al in 0.5 u.m 

of the steel sheet surface layer is such that Ni + Cu + Co + Sn(%) > 1/4 Si + 1/3 Al(%), 

(5) A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, character- 
ized by also containing, in addition to the steel sheet components mentioned in any of (1 ) to (4) above in terms of 
weight percent, at least one from among Mo: <0.5%, Cr: <1%, V: <0.3%, Ti: <0.06%, Nb: <0.06%, REM: <0.05%, 

so Ca: <0.05%, Zr: <0.05%, Mg: <0.05%, Zn: <0.02%, W: <0.05%, As: <0.02%, N: <0.03% and O: <0.05%. 

(6) A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, character- 
ized in that the steel sheet surface of any of (1) to (5) above has a Zn plating layer containing at least one from 
among Al:<1%, Mn: <0.02%, Pb: <0.01%, Fe: <0.2%, Sb: <0.01%, Ni: <3.0%, Cu: <1.5%, Sn: <0.1%, Co: <0.1%, 
Cd: <0.01% and Cr:<0.05%, with the remainder Zn and unavoidable impurities. 

55 (7) A high strength hot-dip galvannealed steel sheet with excellent press formability. characterized in that a steel 

sheet containing in terms of weight percent, 

C: 0.05-0.2%, 
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Si: 0.2-2.0%, 
Mn: 0.2-2.5%, 
Al: 0.01-1.5%, 
Ni: 0.2-5.0%, 
5 P: <0.03% and 

S: <0.02%, 

where the relationship between Si and Al is such that 0.4(%) < Si + 0.8 Al(%) < 2.0%, the remainder consists of 
Fe and unavoidable impurities, the volume percentage of the retained austenite in the steel sheet is 2-20% and 
10 the relationship between the Ni and Si, Al in 0.5 u.m of the steel sheet surface layer is such that Ni(%) > 1/4 Si + 

1/3 Al(%), has a Zn alloy plating layer comprising Fe: 8-15%, Al: <1% with the remainder Zn and unavoidable 
impurities. 

(8) A high strength hot-dip galvannealed steel sheet with excellent press formability, characterized in that a steel 
sheet also containing, in addition to the steel sheet components mentioned in (6) above in terms of weight percent, 

15 Cu at less than 2.0% with the remainder Fe and unavoidable impurities, wherein the volume percentage of the 

retained austenite in the steel sheet is 2-20% and the relationship between the Ni, Cu and Si, Al in 0.5 |im of the 
steel sheet surface layer is such that Ni + Cu(%) > 1/4 Si + 1/3 Al(%), has a Zn alloy plating layer comprising Fe 
at 8-15% and Al at <1% with the remainder Zn and unavoidable impurities. 

(9) A high strength hot-dip galvannealed steel sheet with excellent press formability, characterized in that a steel 
20 sheet also containing, in addition to the steel sheet components mentioned in (7) above in terms of weight percent, 

B at 0.0002-0.01% where the relationship between Cu and B is such that B x Cu(%) > 0.00005(%) with the re- 
mainder Fe and unavoidable impurities, has a Zn alloy plating layer comprising Fe at 8-15% and Al at <1% with 
the remainder Zn and unavoidable impurities. 

(1 0) A high strength hot-dip galvannealed steel sheet with excellent press formability, characterized in that a steel 
25 sheet also containing, in addition to the steel sheet components mentioned in any of (7) to (9) above in terms of 

weight percent, at least one from among Co at <0.3% and Sn at <0.3% with the remainder Fe and unavoidable 
impurities, wherein the volume percentage of the retained austenite in the steel sheet is 2-20% and the relationship 
between the Ni, Cu, Co, Sn and Si, Al in 0.5 |im of the steel sheet surface layer is such that Ni + Cu + Co + Sn 
(%) > 1/4 Si + 1/3 Al(%), has a Zn alloy plating layer comprising Fe at 8-15% and Al at <1% with the remainder Zn 
30 and unavoidable impurities, 

(11) A high strength hot-dip galvannealed steel sheet with excellent press formability, characterized by also con- 
taining, in addition to the steel sheet components mentioned in any of (7) to (1 0) above in terms of weight percent, 
at least one from among Mo: <0.5%, Cr: <1 %, V: <0.3%, Ti: <0.06%, Nb: <0.06%, REM: <0.05%, Ca: <0.05%, Zr: 
<0.05%, Mg: <0.05%, Zn: <0.02%, W: <0.05%, As: <0.02%, N: <0.03% and O: <0.05%. 

35 (12) A high strength hot-dip galvannealed steel sheet with excellent plating adhesion and press formability, char- 

acterized in that the steel sheet surface of any of (7) to (11) above has a Zn plating layer containing at least one 
from among Fe: 8-15%, Al: <1%, Mn: <0.02%, Pb: <0.01%, Sb: <0.01%, Ni: <3.0%, Cu: <1 .5%, Sn: <0.1%, Co: 
<0.1%, Cd: <0.01% and Cr:<0.05%, with the remainder Zn and unavoidable impurities. 

(13) A process for manufacture of a high strength hot-dip galvanized steel sheet with excellent plating adhesion 
40 and press formability characterized by having 2-20% retained austenite and a Zn plating layer comprising Al at 

<1% with the remainder Zn and unavoidable impurities, whereby a steel sheet having the components of any one 
of (1) to (6) above is cast and solidified and then heated at 1150° or higher for at least 45 minutes, after which it 
is subjected to hot rolling and coiling at 400-780°C, and then after descaling treatment is subjected to cold rolling 
at a 35-85% draft, subsequently annealed from 10 seconds to 6 minutes in the two-phase temperature range of 
45 650-900°C, and finally cooled to 350-500°C at a cooling rate of 2-200 °C/s, subjected to hot-dip zinc plating and 

then cooled to below 250°C at a cooling rate of at least 5 °C/s. 

(14) A process for manufacture of a high strength hot-dip galvannealed steel sheet with excellent press formability 
characterized by having 2-20% retained austenite and a Zn alloy plating layer comprising Fe at 8-1 5% and Al at 
<1% with the remainder Zn and unavoidable impurities, whereby a steel sheet having the components of any one 

so of (7) to (12) above is cast and solidified and then heated at 1150° or higher for at least 45 minutes, after which it 

is subjected to hot rolling and coiling at 400-780°C, and then after descaling treatment is subjected to cold rolling 
at a reduction ratio of 35-85%, subsequently annealed from 10 seconds to 6 minutes in the two-phase temperature 
range of 650-900°C, and finally cooled to 350-500 °C at a cooling rate of 2-200 °C/s, subjected to hot-dip galva- 
nizing and held in a temperature range of 450-600 °C for 5 seconds to 1 minute prior to cooling to below 250°C 

55 at a cooling rate of at least 5 °C/s. 

(1 5) A process for manufacture of a high strength hot-dip galvannealed steel sheet with excellent press formability 
according to (13) or (14) above, characterized in that the cold rolling is followed by annealing from 10 seconds to 
6 minutes in the two-phase temperature range of 650-900°C and then by cooling to 350-500°C at a cooling rate 
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of 2-200 °C/s and held in that temperature range for no more than 5 minutes. 

Best Mode for Carrying Out the Invention 

s [0011] The reason for the limits to the components of the present invention is to provide a high strength hot-dip 
galvannealed steel sheet with satisfactory press formability and plating adhesion, and this will now be explained in 
detail. 

[0012] C is an austenite-stabilizing element, and it migrates from ferrite to austenite in the two-phase temperature 
range and the bainite transformation temperature range. As a result, the chemically stabilized austenite remains at 
10 2-20% even after cooling to room temperature, giving satisfactory formability by transformation-induced plasticity. If C 
is present at less than 0.05% it is difficult to guarantee retained austenite of at least 2%, and the desired object cannot 
be achieved. The C concentration must not exceed 0.2% in order to avoid poor weldability. 

[0013] Si does not dissolve in cementite and therefore delays the transformation from austenite to cementite at 
350-600°C because its controlling process is the diffusion of Si which is very slow at the temperature. The chemical 

15 stability of austenite increases during this time because of accelerated C concentration in the austenite, causing trans- 
formation-induced plasticity and making it possible to guarantee retained austenite to contribute to satisfactory form- 
ability. If the amount of Si is less than 0.2% this effect cannot be achieved. On the other hand, it must be no greater 
than 2.0% because, if the Si concentration is any higher, the plating properties are impaired. 
[0014] Mn is an austenite-stabilizing element, and since it retards decomposition of austenite to perlite during the 

20 cooling to 350-600°C after annealing in the two-phase temperature range, it promotes inclusion of retained austenite 
in the microstructure during surface cooling to room temperature. If added at less than 0.2% it becomes necessary to 
increase the cooling rate to a level at which industrial control is no longer possible in order to inhibit decomposition to 
perlite, and such a situation is unacceptable. On the other hand, it is preferably not greater than 2.5% because the 
band structure will become more notable and impairthe properties, while the spot welded sections will tend to fracture 

25 within nuggets. 

[0015] Al is used as a deoxidizing material because, like Si, it does not dissolve in cementite and therefore delays 
the ongoing transformation by inhibiting precipitation of cementite when held at 350-600"C. However, since its ferrite- 
forming ability is stronger than Si and it therefore accelerates transformation to ferrite, so that C is concentrated in the 
austenite from the moment of annealing in the two-phase temperature range even for a very short time, thus increasing 

30 the chemical stability, only a trace amount of formability-impairing martensite is present in the microstructure after 
cooling to room temperature. When copresent with Si, therefore, little change occurs in the strength or elongation 
depending on the holding conditions at 350-600°C, and it is therefore easy to achieve satisfactory press formability 
with high strength, The Al must therefore be added to at least 0.01%. Together with Si, "Si + 0.8AI" must be at least 
0.4%. On the other hand, as is the case with Si, the Al concentration must not exceed 1 .5% to avoid impairing the 

35 plating adhesion. In order to guarantee plating adhesion together with Si, "Si + 0.8AI" must be no greater than 2.0%. 
[0016] Ni is the most important element according to the invention, and like Mn it is an austenite-stabilizing element 
and it also improves the strength and plating adhesion. In addition, like Si and Al, Ni also does not dissolve in cementite 
and therefore delays the ongoing transformation by inhibiting precipitation of cementite when held at 350-600°C. In a 
steel sheet containing Si or Al, when producing a plated steel sheet in a continuous hot-dip galvanizing line, Si and Al 

40 are more easily oxidized than Fe and are thus concentrated on the steel sheet surface, forming Si or Al oxides and 
reducing the plating adhesion. The inventors therefore attempted to prevent this reduction in plating adhesion despite 
the surface concentration of Si or Al, by allowing Ni to concentrate on the surface instead since it is more resistant to 
oxidation than Fe. By experimentation it was determined that a 0.5 u,m section of the steel sheet surface reacts with 
theZn layer during the plating reaction. In order to improve the plating adhesion, therefore, it is sufficient to control the 

45 surface concentrated layer of a 0.5 u.m section of the steel sheet surface. If the Ni is present at 0.2% or less, it is not 
possible to achieve satisfactory plating adhesion with steel according to the invention. If the Ni concentration is 5% or 
higher the retained austenite exceeds 20% such that the elongation falls below the range of the invention. As a result 
of experimentation it has been found that satisfactory plating adhesion can only be obtained if the Ni concentration, 
together with Si and Al in 0.5 u.m of the steel sheet surface, is at least such that "Ni(%) > 1/4 Si + 1/3 Al(%)". This is 

so illustrated in Fig. 1 . 

[0017] P is an element unavoidably included in steel as an impurity, and like Si, Al and Ni it does not dissolve in 
cementite and therefore delays the ongoing transformation by inhibiting precipitation of cementite when held at 
350-600°C. However, since a P concentration exceeding 0.03% notably impairs the ductility of the steel sheet while 
also undesirably tending to result in fracture of spot welded sections within nuggets, the P concentration is limited to 
55 less than 0.03% according to the invention. 

[0018] S, like P, is also an element unavoidably included in steel. A high S concentration may result in MnS precip- 
itation leading to lower ductility while also undesirably tending to result in fracture of spot welded sections within nuggets, 
and therefore the S concentration is less than 0.02% according to the invention. 
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[0019] Cu, which, like Ni, is more resistant to oxidation than Fe is an austenite-stabilizing element like Ni and Mn 
that also improves the strength and plating adhesion. Satisfactory plating adhesion can be achieved if the Ni and Cu 
concentration in 0.5 u,m of the steel sheet surface layer, together with Si and Al, is such that "Ni + Cu(%) > 1/4 Si + 1/3 
Al(%)". A Cu concentration of 2.0% or higher may produce Cu precipitates, thus impairing the material quality and 
s impeding the object of the invention. From the standpoint of preventing heat fracture by Cu when Cu is added, the 
relationship is preferably "Cu(%) < 3 x Ni(%)". 

[0020] B is copresent with Cu and lowers the transformation point to inhibit precipitation of cementite and increase 
the volume percentage of retained austenite by delaying the progress of transformation. An adequate effect cannot be 
achieved if the B concentration is 0.0002% or lower. The upper limit for B is specified based on the concentration at 
to which economy is affected, and this upper limit is set to 0.01%. In order to exhibit the effect of B and Cu together, B 
and Cu must be in a relationship that satisfies the inequality B x Cu(%) > 0.00005(%). To exhibit a more powerful effect, 
the relationship is preferably B x Cu(%) > 0.00008(%). 

[0021] The plating adhesion can also be improved by further adding another species similar to Ni and Cu that is 
more resistant to oxidation than Fe, such as Sn or Co. Satisfactory plating adhesion can be achieved if the Ni, Cu, Sn 
15 and Co concentration in 0.5 u,m of the steel sheet surface, together with Si and Al, is at least such that "Ni + Cu(%) > 
1/4 Si + 1/3 Al(%)". A higher Sn concentration results in Sn-based heat fracture, and it is therefore limited to less than 
0.3%. Co is an expensive metal and its upper limit is therefore 0.3%. 

[0022] Mo, Cr, V, Ti, Nb, B, W, O, Zn and As are elements that increase the strength, while REM, Ca, Zr and Mg are 
elements that guarantee satisfactory elongation by combining with S to reduce inclusions, and N is an austenite-sta- 

20 bilizing element; the addition, as necessary, of one or more from among Mo: <0.5%, Cr: <1%, V: <0.3%, Ti: <0.06%, 
Nb: <0.06%, B: <0.01% ; REM: <0.05%, Ca: <0.05%, Zr: <0.05%, Mg: <0.05%, Zn: <0.02%, W: <0.05%, As: <0.02%, 
N: <0.03% and O: <0.05% will not interfere with the gist of the invention. The effects of these elements are saturated 
beyond the upper limits given above, and therefore any further addition simply increases the cost. 
[0023] The steel sheet of the invention comprises the basic components described above, but the gist of the invention 

25 is not hampered even if other elements are included in addition to these and Fe, such as Ta, Te, Be, Ru, Os, Rh, Ir, 
Pd, Pt, Ag, Au, Cd, Hg, Ge, Pb, Sb, Bi, Se and Te which are commonly included unavoidably in steel, and these 
elements may be added at up to 0.01% in total. 

[0024] The ductility of the steel sheet of the invention as a final product is determined by the volume percentage of 
retained austenite in the product. Although the retained austenite in the microstructure is stably present in the absence 

so of deformation, applied deformation transforms it into martensite resulting in transform-induced plasticity, thus giving 
satisfactory formability with high strength, If the volume percentage of retained austenite is less than 2% the effect will 
not be clearly recognizable. On the other hand, if the volume percentage of retained austenite is over 20%, a large 
amount of martensite may be present in the press forming state in cases of extremely severe shaping, which may 
cause problems in terms of secondary workability or impact resistance; according to the invention, therefore, the volume 

35 percentage of retained austenite is no greater than 20%. The structure also includes ferrite, bainite, martensite and 
carbides. 

[0025] According to the invention, the steel sheet has a Zn plating layer or a Zn alloy plating layer, which will now 
be explained, 

[0026] TheZn plating layer includes Al: <1% as well as, depending on the case, at least one from among Mn: <0.02%, 

40 Pb: <0.01%, Fe: <0.2%, Sb: <0.01%, Ni: <3.0%, Cu: <1.5%, Sn: <0.1%, Co: <0.1%, Cd: <0.01%and Cr: <0.05%, with 
the remainder Zn and unavoidable impurities. The Al content of the plating is limited to no greater than 1 % because if 
the Al content exceeds 1% the segregated Al will form a local battery in the plating, thus impairing the corrosion re- 
sistance. If Mn, Pb, Fe, Sb, Ni, Cu, Sn, Co, Cd and Cr are present in high amounts the edge corrosion resistance is 
impaired, and these are therefore limited to Mn: <0.02%, Pb: <0.01%, Fe: <0.2%, Sb: <0.01%, Ni: <3.0%, Cu: <1.5%, 

45 Sn: <0.1%, Co: <0.1%, Cd: <0.01% and Cr: <0.05%. 

[0027] The Zn alloy plating layer includes Fe: 8-15%, Al: <1% as well as, depending on the case, at least one from 
among Mn: <0.02%, Pb: <0.01%, Sb: <0.01%, Ni: <3.0%, Cu: <1.5%, Sn: <0.1%, Co: <0.1%, Cd: <0.01% and Cr: 
<0.05%, with the remainder Zn and unavoidable impurities. The Fe content of the plating is limited to at least 8% 
because at less than 8% the chemical treatment (phosphate treatment) properties and coating adhesion are poorer. 

so Also, the Fe content is limited to no greater than 15% because overalloying occurs at greater than 15%, and the plating 
adhesion of the worked sections is poorer. The Al content of the plating is limited to no greater than 1% because when 
the Al content exceeds 1% the segregated Al will form a local battery in the plating, thus impairing the corrosion re- 
sistance. If Mn, Pb, Sb, Ni, Cu, Sn, Co, Cd and Cr are present in high amounts the edge corrosion resistance is impaired, 
and these are therefore limited to Mn: <0.02%, Pb: <0.01%, Sb:<0.01%, Ni: <3.0%, Cu: <1.5%, Sn: <0.1%, Co: <0.1%, 

55 Cd: <0.01% and Cr: <0.05%. 

[0028] The Zn plating layer and Zn alloy plating layer of the invention are as described above, but they may also 
contain other impurities. 

[0029] Furthermore, while no particular restrictions are placed on the Zn alloy plating layer thickness, from the stand- 
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point of corrosion resistance it is preferably at least 0.1 u,m and from the standpoint of workability it is preferably no 
thicker than 15 urn. 

[0030] The hot-dip galvanized steel sheet of the invention and a process for manufacture of a hot-dip galvannealed 
steel sheet of the invention will now be explained. 

s [0031] The hot-dip galvanized steel sheet of the invention may be obtained by casting and solidifying a steel sheet 
satisfying the conditions for the component composition as explained above and then heating it at 1150°C or higher 
for at least 45 minutes, subjecting it to hot rolling and coiling at 400-780°C. and then after descaling treatment, subjecting 
it to cold rolling at a reduction ratio of 35-85%, subsequently annealing it from 10 seconds to 6 minutes in the two- 
phase temperature range of 650-900°C, cooling it to 350-500"C at a cooling rate of 2-200 °C/s, further holding it for 

10 up to 5 minutes in that temperature range depending on the case, and finally subjecting it to hot-dip galvanizing and 
cooling to below 250°C at a cooling rate of at least 5 °C/s. 

[0032] A hot-dip galvannealed steel sheet of the invention may be obtained by casting and solidifying a steel sheet 
satisfying the conditions for the component composition as explained above and then heating it at 1150'C or higher 
for at least 45 minutes, subjecting it to hot rolling and coiling at 400-780 !> C, and then after descaling treatment, subjecting 
15 it to cold rolling at a reduction ratio of 35-85%, subsequently annealing from 1 0 seconds to 6 minutes in the two-phase 
temperature range of 650-900°C, cooling it to 350-500°C at a cooling rate of 2-200 "C/s, further holding it for up to 5 
minutes in that temperature range depending on the case, and finally subjecting it to hot-dip galvanizing and further 
holding it from 5 seconds to 1 minute in a temperature range of 450-600°C prior to cooling to below 250°C at a cooling 
rate of at least 5 °C/s. 

20 [0033] The reasons for each of these manufacturing conditions will now be explained. 

[0034] The holding temperature and holding time after casting and solidification are important to increase the Ni 
concentration of the steel sheet surface layer section prior to plating. Because Ni is more resistant to oxidation than 
Fe, Ni is not incorporated in the oxidation scales produced during heating, and therefore concentrates in the steel sheet 
surface layer. The concentrated Ni remains even after cold rolling, thus improving the plating properties. For the rela- 
ys tionship between Ni, Si and Al in a 0.5 u.m steel sheet surface layerto satisfy Ni(%) > 1/4 Si + 1/3 Al(%), it is necessary 
for the heating temperature to be at least 1150°C and the holding time at 1150°C or higher to be at least 45 minutes. 
[0035] The coiling temperature after hot rolling is also important to increase the Ni concentration of the steel sheet 
surface layer section prior to plating. Ni also fails to be incorporated in the oxidation scales produced after coiling, thus 
concentrating in the steel sheet surface layer and improving the plating properties. When steel such as a steel according 
30 to the invention is coiled at low temperature, the Ni concentration is insufficient leading to problems with the Zn plating 
adhesion, while hardening results at burnt sections, thus complicating the subsequent scale removal by acid washing, 
etc. and the cold rolling, Conversely, when coiling is carried out at high temperature the Zn plating property is improved 
and the cementite becomes coarser and softer thus facilitating acid washing and cold rolling, but too much time is then 
required for renewed dissolution of the cementite during annealing, such that sufficient austenite is not retained. Con- 
35 sequently it was determined that the coiling after hot rolling must be carried out at 400-780°C to avoid such inconven- 
iences. However, since it is desirable for the acid washing and cold rolling of hot-rolled steel sheets to be as easy as 
possible, the coiling temperature is preferably 550-750°C. 

[0036] The hot rolling is followed by descaling, but there are no particular restrictions on the descaling method. 
[0037] If the cold rolling reduction ratio is less than 35% the structure will not be sufficiently fine and the ductility will 
40 therefore be inferior due to insufficient retained austenite in the subsequent annealing step. On the other hand, if the 
reduction ratio is greater than 85% there will be too great a load on the rolling machine, and therefore the optimum 
reduction ratio during cold rolling was determined to be 35-85%. 

[0038] In continuous annealing of the cold rolled steel sheet after cold rolling, heating is first performed in a temper- 
ature range from the Ac1 transformation point to the Ac3 transformation point to make a two-phase microstructure 

45 [ferrite + austenite]. If the heating temperature at this time is below 650°C, too much time will be required for renewed 
dissolution of the cementite and only a small amount of austenite will be present, and therefore the lower limit for the 
heating temperature is 650°C. If the heating temperature is too high the volume percentage of austenite becomes too 
large and the C concentration of the austenite is reduced, and therefore the upper limit for the heat temperature is 
900°C. If the holding time is too short there will tend to be more non-dissolved carbides present, and the amount of 

so austenite will be reduced. If the holding time is lengthened the crystal grains will have a greater tendency to become 
coarse, resulting in a poorer strength/ductility balance. According to the invention, therefore, the holding time is set to 
be from 1 0 seconds to 6 minutes. 

[0039] After holding at annealing temperature, steel sheets are cooled to 350-500°C, at a cooling rate of 2-200 °C/ 
s. This is for the purpose of bringing the austenite produced by heating in the two-phase range directly to the bainite 
55 transformation range without transformation to perlite, so that, by subsequent treatment, the desired microstructure 
and properties are obtained. If the cooling rate at this time is less than 2 °C/s, most of the austenite will transform to 
perlite during cooling, so that the amount of retained austenite cannot be guaranteed. If the cooling rate is greater than 
200 °C/s, the cooling end point temperature will vary largely in thewidthwise direction and lengthwise direction, making 
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it impossible to manufacture a uniform steel sheet. 

[0040] This may be followed by holding at up to 5 minutes in a range of 350-500°C, depending on the case. Holding 
at this temperature prior to Zn plating accelerates bainite transformation and allows stabilization of retained austenite 
with concentrated C, to allow more stable manufacture of a steel sheet with both strength and elongation. If the cooling 

s end point temperature from the two-phase range is a temperature higher than 500°C, the subsequent temperature 
holding will result in decomposition of austenite to carbides, such that no austenite can be retained. If the cooling end 
point temperature is below 350"C, the greater part of the austenite transforms to martensite and, therefore, despite 
higher strength the press formability is inferior while the steel sheet temperature must be increased during Zn plating 
thus requiring application of greater heat energy and creating an inefficient situation. If the holding time exceeds 5 

to minutes both the strength and press formability are inferior due to precipitation of carbides and loss of untransformed 
austenite by heating after Zn plating, and therefore the holding temperature is limited to no longer than 5 minutes. 
[0041] For manufacture of a hot-dip galvanized steel sheet, the plating is followed by cooling to below 250°C at a 
cooling rate of 5 °C/s or greater. This accelerates bainite transformation during Zn plating, producing a microstructure 
comprising a combination of virtually carbide-free bainite and retained austenite in which C that has been swept out 

15 from those sections has been concentrated and the Ms point has fallen to below room temperature, and ferrite that is 
purified during the two-phase range heating; the result is both high strength and formability. Consequently, if the cooling 
rate after holding is slower than 5°C or the cooling end point temperature is higher than 250°C, the austenite with 
concentrated C after cooling will also precipitate carbide and decompose to bainite, such that the desired object cannot 
be achieved due to a reduced amount of retained austenite for improvement of the workability by transformation induced 

20 plasticity. In order to leave a greater amount of retained austenite, a holding time of less than 5 minutes in a temperature 
range of 350-400°C after hot-dip zinc plating is preferred. 

[0042] For manufacture of a hot-dip galvannealed steel sheet, the hot-dip galvanizing is followed by holding from 5 
seconds to 1 minute in a temperature range of 450-600°C. and then by cooling to below 250°C at a cooling rate of at 
least 5 "C/s, This is for the alloying reaction between Fe and Zn, and also for structural considerations. With steel 

25 according to the invention, which also contains Si or Al. it is possible to utilize the fact that transformation from austenite 
to bainite is separated in two stages, to realize a structure comprising a combination of virtually carbide-free bainite 
and retained austenite in which C that has been swept out from those sections has been concentrated and the Ms 
point has fallen to below room temperature, as well as ferrite that is purified during the biphase range heating, whereby 
both high strength and formability are achieved. If the holding temperature exceeds 600°C, perlite is produced and 

30 retained austenite is therefore absent, while the alloying reaction proceeds leading to excessive an Fe concentration 
of greater than 15% in the plating. On the other hand, if the heating temperature is below 450°C the alloying reaction 
rate of the plating is slowed, so that the Fe concentration of the plating is lower. Also, with a holding time of less than 
5 seconds the bainite production is insufficient and the C concentration in the non-transformed austenite is also insuf- 
ficient, such that martensite is produced during cooling thus impairing the formability, while the alloying reaction of the 

35 plating is also inadequate. If the holding time is longer than one minute, the plating becomes overalloyed, thus tending 
to result in peeling of the plating during shaping. If the cooling rate after holding is slower than 5°C, the bainite trans- 
formation will proceed when the cooling end point temperature is above 250°C, and even the austenite with concen- 
trated C due to the previous reaction will precipitate carbide and decompose to bainite, so that the desired object 
cannot be achieved due to a reduced amount of retained austenite for improvement of the workability by transformation 

40 induced plasticity. 

[0043] The hot-dip galvanizing temperature is preferably between the melting temperature of the plating bath and 
500"C. If it is above 500°C the vapor from the plating bath becomes excessive to the point of hampering manageability. 
While there is no need for particular restrictions on the heating rate to the holding temperature after plating, from the 
standpoint of the plating structure and steel microstructure it is preferably 3 °C/s. 
45 [0044] The heating temperatures and cooling temperatures for each step described above do not need to be constant 
so long as they are within the specified ranges, and with variation within those ranges there is no deterioration, and 
there is often improvement, in the properties of the final product. 

[0045] For further improvement in the plating adhesion, a simple or composite plating of Ni, Cu, Co or Fe may be 
provided on the steel sheet prior to the plating annealing after cold rolling. For still further improvement in the plating 
so adhesion, the atmosphere during the steel sheet annealing may be adjusted so that the steel sheet surface is oxidized 
first and then reduced for purification of the steel sheet surface before plating. There is also no problem with further 
improving the plating adhesion by acid washing or polishing before annealing to remove oxides from the steel sheet 
surface. Such treatment can greatly enhance the plating adhesion. 

55 Examples 

[0046] Steel comprising the components listed in Table 1 was hot rolled, cold rolled, annealed and plated under the 
conditions shown in Table 2, and then subjected to tempered rolling at 0.6% to manufacture steel sheets. The manu- 
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factured steel sheets were subjected to the "tensile test", "retained austenite measurement test", "welding test", "0.5 
u.m steel sheet surface layer section analysis", "plating property", "plating adhesion" and "plating layer concentration 
measurement", as explained below. 

[0047] The "tensile test" was an ordinary temperature tensile test conducted on a JIS #5 tensile test strip, with a 
s gauge thickness of 50 mm and a pull rate of 1 0 mm/min. 

[0048] The "retained austenite measurement test" was measurement by the so-called "5-peak" method whereby a 
1/4 inner layer of the sheet thickness from the surface layer is chemically polished and thea-Fe and y-Fe intensity are 
determined by X-ray analysis using an Mo tube. 

[0049] "The welding test" was carried out by spot welding under the conditions, welding current: 10 kA, applied 
to pressure: 220 kg, welding time: 12 cycles, electrode diameter: 6 mm, electrode shape: domed, tip 6<£>-40R, and the 
number of continuous spots until the point at which the nugget diameter fell below 4 1 (t: sheet thickness) was evaluated. 
The evaluation scale was the following. O : >1 000 continuous spots, A: 500-1 000 continuous spots, •: <500 continuous 
spots. Here, Owas defined as acceptable and A/- as unacceptable. 

[0050] The "0.5 u.m steel sheet surface layer section analysis" was based on two types, measurement by EPMA 
15 analysis of a 0.5 |xm steel sheet section at the plating/sheet interface of a cross-section of the plated steel sheet, and 

EDS analysis by TEM observation of a sample prepared by the FIB method. For the measurement, a standard sample 

was used to construct a calibration curve. There was practically no difference between the measurements. 

[0051] The "plating property" was determined by visually judging the condition of any non-plated sections on the 

outside of the plated steel sheet, and was evaluated based on the following scale. ® <3/dm 2 , 0 : 4-10 /dm 2 , A: 11-15 
20 /dm 2 , : > 16 /dm 2 . Here, ® /Owere defined as acceptable and /A/- as unacceptable. 

[0052] The "plating adhesion" was determined by subjecting the plated steel sheet to a tape test after a 60° V bend 

test, and was evaluated based on the following scale. 
Tape test blackening (%) 

25 Evaluation:© ... 0 - <1 0 

Evaluation: O ... 10- <20 
Evaluation: A ... 20- <30 
Evaluation: • ... >30 

30 (© 10 = acceptable, A/- = unacceptable) 

[0053] The "plating layer concentration measurement" was conducted by ICP emission analysis after dissolving the 
plating layer in 5% hydrochloric acid containing an amine-based inhibitor. 

[0054] The results of the performance evaluation tests are shown in Tables 3 and 4. Samples 1 -32 of the invention 
were hot-dip galvanized steel sheets and hot-dip galvannealed steel sheets with 2-20% retained austenite, total elon- 

35 gation of at least 30% even at 550 MPa or greater, and both satisfactory high strength and press formability, with 
satisfactory plating properties and weldability as well. In contrast, samples 33 and 34 had low C concentrations, samples 
35 and 36 had high C concentrations, samples 37 and 38 had low Si concentrations, samples 39 and 40 had high Si 
concentrations, samples 41 and 42 had low Al concentrations, samples 43 and 44 had high Al concentrations, samples 
45 and 46 failed to satisfy the relationship between Si and Al in the steel, samples 47 and 48 failed to satisfy the 

40 relationship forthe concentrations in 0.5 u.m of the steel sheet surface, samples 49 and 50 had low Mn concentrations, 
samples 51 and 52 had high Mn concentrations, samples 53 and 54 had high P concentrations, samples 55 and 56 
had high S concentrations, samples 57 and 58 had low Ni concentrations, samples 59 and 60 had high Ni concentra- 
tions, samples 61 and 62 had high Cu concentrations and samples 63 and 64 had high Al concentrations in the platings; 
these failed to satisfy the retained austenite amount, combination of high strength and press formability, plating prop- 

45 erties and weldability, and the object of the invention was not achieved. 

[0055] Even with steel according to the invention, any problem with any of the treatment conditions fails to satisfy 
all of the conditions forthe retained austenite amount, combination of high strength and press formability, plating prop- 
erties and weldability, as in the case of samples 65-98, and the object of the invention therefore cannot be achieved. 

50 



55 
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Industrial Applicability 

[0056] As explained above, according to the present invention there are provided high strength hot-dip galvanized 
and galvannealed steel sheets with satisfactory press formability and plating adhesion, as well as a process for efficient 
s manufacture of the steel sheets. 



Claims 

10 1 . A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, the steel sheet 
containing in terms of weight percent, 

C: 0.05-0.2%, 
Si: 0.2-2.0%, 
15 Mn: 0.2-2.5%, 

Al: 0.01-1.5%, 
Ni: 0.2-5.0%, 
P: <0.03% and 
S: <0.02% 

20 

where the relationship between Si and Al is such that 0.4(%) < Si + 0.8 Al(%) < 2.0% and the remainder consists 
of Fe and unavoidable impurities, characterized in that the volume percentage of the retained austenite in the 
steel sheet is 2-20% and the steel sheet surface wherein the relationship between the Ni and Si, Al in 0.5 u,m of 
the steel sheet surface layer is such that Ni(%) > 1/4 Si + 1/3 Al(%), has a Zn plating layer comprising Al: <1% 
25 with the remainder Zn and unavoidable impurities. 

2. A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, characterized 
by also containing, in addition to the steel sheet components mentioned in claim 1 in terms of weight percent, Cu 
at less than 2,0%, wherein the volume percentage of the retained austenite in the steel sheet is 2-20%, and the 

30 relationship between the Ni, Cu and Si, Al in 0.5 (xm of the steel sheet surface layer is such that Ni + Cu(%) > 1/4 

Si + 1/3 Al(%). 

3. A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, characterized 
by also containing, in addition to the steel sheet components mentioned in claim 2, in terms of weight percent, B 

35 at 0.0002-0.01%, wherein the relationship of Cu and B is such that B x Cu(%) > 0.00005(%). 

4. A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, characterized 
by also containing, in addition to the steel sheet components mentioned in any of claims 1 to 3, in terms of weight 
percent, at least one from among Co at <0.3% and Sn at <0.3%, wherein the volume percentage of the retained 

40 austenite in the steel sheet is 2-20% and the relationship between the Ni, Cu, Co, Sn and Si, Al in 0.5 u.m of the 

steel sheet surface layer is such that Ni + Cu + Co + Sn(%) > 1/4 Si + 1/3 Al(%). 

5. A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, characterized 
by also containing in addition to the steel sheet components mentioned in any of claims 1 to 4, at least one from 

45 among Mo: <0.5%, Cr: <1%, V: <0.3%, Ti: <0.06%, Nb: <0.06%, REM: <0.05%, Ca: <0.05%, Zr: <0.05%, Mg: 

<0.05%, Zn: <0.02%, W: <0.05%, As: <0.02%, N: <0.03% and O: <0.05%. 

6. A high strength hot-dip galvanized steel sheet with excellent plating adhesion and press formability, characterized 
in that the steel sheet surface of any of claims 1 to 5 has a Zn plating layer containing at least one from among 

so Al: <1%, Mn: <0.02%, Pb: <0.01%, Fe: <0.2%, Sb: <0.01%, Ni: <3.0%, Cu: <1.5%, Sn: <0.1%, Co: <0.1%, Cd: 

<0.01% and Cr:<0.05%, with the remainder Zn and unavoidable impurities. 

7. A high strength alloyed hot-dip galvanized steel sheet with excellent press formability, characterized in that a 
steel sheet containing in terms of weight percent, 

55 

C: 0.05-0.2%, 
Si: 0.2-2.0%, 
Mn: 0.2-2.5%, 
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Al: 0.01-1.5%, 
Ni: 0.2-5.0%, 
P: <0.03% and 
S: <0.02%, 

5 

where the relationship between Si and Al is such that 0.4(%) < Si + 0.8 Al(%) < 2.0%, the remainder consists of 
Fe and unavoidable impurities, the volume percentage of said retained austenite in the steel sheet is 2-20% and 
the relationship between the Ni and Si, Al in 0.5 |im of the steel sheet surface layer is such that Ni(%) > 1/4 Si + 
1/3 Al(%), has a Zn alloy plating layer comprising Fe: 8-15%, Al: <1% with the remainder Zn and unavoidable 
10 impurities. 

8. A high strength hot-dip galvannealed steel sheet with excellent press formability, characterized in that a steel 
sheet also containing, in addition to the steel sheet components mentioned in claim 7, in terms of weight percent, 
Cu at less than 2.0% with the remainder Fe and unavoidable impurities, wherein the volume percentage of the 

15 retained austenite in said steel sheet is 2-20%, and the relationship between the Ni, Cu and Si, Al in 0.5 u,m of the 

steel sheet surface layer is such that Ni + Cu(%) > 1/4 Si + 1/3 Al(%), has a Zn alloy plating layer comprising Fe 
at 8-15% and Al at <1% with the remainder Zn and unavoidable impurities. 

9. A high strength hot-dip galvannealed steel sheet with excellent press formability, characterized in that a steel 
20 sheet also containing, in addition to the steel sheet components mentioned in claim 7, in terms of weight percent, 

B at 0.0002-0.01% where the relationship between Cu and B is such that B x Cu(%) > 0.00005(%) with the re- 
mainder Fe and unavoidable impurities, has a Zn alloy plating layer comprising Fe at 8-15% and Al at <1% with 
the remainder Zn and unavoidable impurities. 

25 10. A high strength hot-dip galvannealed steel sheet with excellent press formability, characterized in that a steel 
sheet containing, in addition to the steel sheet components mentioned in any of claims 7 to 9, in terms of weight 
percent, at least one from among Co at <0.3% and Sn at <0.3% with the remainder Fe and unavoidable impurities, 
wherein the volume percentage of the retained austenite in said steel sheet is 2-20% and the relationship between 
the Ni, Cu, Co, Sn and Si, Al in 0.5 urn of the steel sheet surface layer is such that Ni + Cu + Co + Sn(%) > 1/4 Si 

30 + 1/3 Al(%), has a Zn alloy plating layer comprising Fe at 8-15% and Al at <1% with the remainder Zn and una- 

voidable impurities. 

11. A high strength hot-dip galvannealed steel sheet with excellent press formability, characterized by also containing, 
in addition to the steel sheet components mentioned in any of claims 7 to 1 0, at least one from among Mo: <0.5%, 

35 Cr: <1%, V: <0.3%, Ti: <0.06%, Nb: <0.06%, REM: <0.05%, Ca: <0.05%, Zr: <0.05%, Mg: <0.05%, Zn: <0.02%, 

W: <0.05%, As: <0.02%, N: <0.03% and O: <0.05%. 

12. A high strength hot-dip galvannealed steel sheet with excellent plating adhesion and press formability, character- 
ized in that the steel sheet surface of any of claims 7 to 11 has a Zn plating layer containing at least one from 

40 among Fe: 8-15%, Al: <1%, Mn: <0.02%, Pb: <0.01%, Sb: <0.01%, Ni: <3.0%, Cu: <1 .5%, Sn: <0.1%, Co: <0.1%, 

Cd: <0.01% and Cr:<0.05%, with the remainder Zn and unavoidable impurities. 

13. A process for the manufacture of a high strength hot-dip galvanized steel sheet with excellent plating adhesion 
and press formability characterized by having 2-20% retained austenite and a Zn plating layer comprising Al at 

45 <1% with the remainder Zn and unavoidable impurities, whereby a steel sheet having the component composition 

of any one of claims 1 to 6 is cast and solidified and then heated at 1150° or higher for at least 45 minutes, after 
which it is subjected to hot rolling and coiling at 400-780°C, and then after descaling treatment is subjected to cold 
rolling at a reduction ratio of 35-85%, subsequently annealed from 10 seconds to 6 minutes in the two-phase 
temperature range of 650-900°C, and finally cooled to 350-500 °C at a cooling rate of 2-200 °C/s, subjected to 

so hot-dip galvanizing and then cooled to below 250°C at a cooling rate of at least 5 °C/s. 

14. A process for the manufacture of a high strength hot-dip galvannealed steel sheet with excellent press formability 
characterized by having 2-20% retained austenite and a Zn alloy plating layer comprising Fe at 8-15% and Al at 
<1% with the remainder Zn and unavoidable impurities, whereby a steel sheet having the component composition 

55 of any one of claims 7 to 12 is cast and solidified and then heated at 1150°C or higher for at least 45 minutes, after 

which it is subjected to hot rolling and coiling at 400-780°C, and then after descaling treatment is subjected to cold 
rolling at a reduction ratio of 35-85%, subsequently annealed from 10 seconds to 6 minutes in the two-phase 
temperature range of 650-900 °C, and finally cooled to 350-500 °C at a cooling rate of 2-200 °C/s, subjected to 
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hot-dip galvanizing and then held in a temperature range of 450-600°C for 5 seconds to 1 minute prior to cooling 
to below 250°C at a cooling rate of at least 5 °C/s. 

15. A process for the manufacture of a high strength hot-dip galvannealed steel sheet with excellent press formability 
according to claim 13 or 14, characterized in that said cold rolling is followed by annealing from 10 seconds to 
6 minutes in the two-phase temperature range of 650-900°C and then by cooling to 350-500°C at a cooling rate 
of 2-200 °C/s and held in that temperature range for no more than 5 minutes. 
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